Health professionals recommend education of patients about COPD. There is no satisfactory instrument to measure their knowledge and therefore to assess the results of education. A multiple-choice questionnaire (BCKQ) has been designed and tested. Each of 13 topics contains five statements for which there is a right or wrong answer. Its validity and consistency has been assessed, and the test re-test reliability and responsiveness measured after an interval of eight weeks. A copy of the multiple-choice questionnaire is given in the Appendix. The questionnaire was judged by patients and health professionals to have good content and face validity. It has good internal consistency for the 65 items. (Cronbach's alpha 0.73). It can be completed and scored within twenty minutes. The average score in subjects who had not received prior education was 54.7%. In a group not receiving education there was good test-retest reliability (r ϭ 0.71). Following an eight-week education programme there was a significant improvement of 18.3 percentage points, and most of the increase was maintained for six months without any further formal education. BCKQ is suitable for both clinical and research purposes. It will test knowledge that is appropriate for COPD patients and can be used as an assessment tool for individual patients, or as a broad cross-sectional survey instrument. It will enable the effectiveness of education to be assessed and will be of value in developing and comparing different educational interventions. Chronic Respiratory Disease 2006; 3: 123-131
Introduction
In recent years there has been increased emphasis on education of patients and their families in medical conditions. This has been driven in part by patients wishing to be better informed about their condition and in part by the recognition by health professionals that self-management is important to patients.
Studies of the effects of education on patients with chronic obstructive lung disease have shown no uniformity in the results of this intervention. For example, there have been no consistent findings with regard to its cost effectiveness and its effect on health status of patients. [1] [2] [3] [4] [5] [6] The reasons for the inconsistency are unclear, but they may include variation in the form and content of the education, and variation in the knowledge gained. In addition there has been a lack of uniformity in the type of patient studied. For example one study showed a reduction in consumption of health services following education but over one-third of their patients were asthmatics, and so the results may not be applicable to chronic obstructive pulmonary disease (COPD). 6 Whilst acknowledging the importance of education, none of the studies has produced any good data measuring knowledge and change in knowledge.
In order to interpret the effects of education, it is of particular importance that the education should be appropriate to the patient's needs and that there should be a satisfactory method of assessing the knowledge attained. Asthma questionnaires exploring knowledge of disease have been designed, and some of these have been applied to patients with both asthma and COPD. However, these conditions are sufficiently different to make it important for COPD to be looked at separately.
A review of previous questionnaires has revealed that none of them are satisfactory, for a number of reasons, as shown in the following examples.
Stewart et al. used a knowledge questionnaire with 15 questions. 7 Six of these had a yes or no answer and nine gave a choice of three answers. The subjects scored an average of 12 correct responses increasing to 13.5 after completion of an inpatient pulmonary rehabilitation programme. The high scores obtained suggest that more discriminating questions should have been used. In their study there was considerable co morbidity with 15% having cancer and 19% having pneumonia. It is not possible to determine how many subjects had asthma.
Netzer et al. investigated the use of open word questions in gauging education of 26 patients with COPD. 8 The definition of COPD was not given but some of the questions included knowledge of mediators, allergy, histamine, IgE and degranulation. This suggests that they had included asthmatic patients and that they were looking for a degree of knowledge in far more depth than would be useful for COPD patients.
Black and Mitchell used an audiovisual programme and technician advice at a single visit over one hour. 9 As with other studies there was no indication as to how the questions were selected nor whether the opinions of patients had been sought.
The pre-teaching score was 79%. The questionnaire was modified and the score was then 71% improving to 88% after the programme. There were 10 questions giving a choice of three possible answers. These covered definitions, causes, effects and treatment of disease. At least three of the questions were of doubtful importance. There was no assessment of long-term learning.
The conclusion from this review is that no suitable questionnaire has yet been designed to test the knowledge of disease in patients with COPD, and the aim of the present study was to design a questionnaire to test patients' knowledge of COPD, and to assess its validity, reliability and responsiveness.
Methods

Content validity
The members of the investigating team were all involved in regular teaching of patients with COPD. The team consisted of a Consultant Respiratory Physician, a Respiratory Specialist Nurse, a Senior Practice Nurse and a Senior Respiratory Physiotherapist. We used our experience of teaching patients about their lung problems in deciding the topics to be tested. This enabled us to identify areas that patients found of particular value in managing their disease, and topics where there were often misconceptions. We concluded that the questionnaire should test patients' knowledge of the cause and nature of their condition, of their symptoms, and of their prevention and management. We discussed these topics informally with our colleagues, and then sought the opinions of 60 healthcare professionals who were also involved in teaching COPD patients. The group included Respiratory Consultants, GPs, Respiratory Nurses, Practice Nurses and Physiotherapists. They were sent a list of 40 education topics and were asked to rate each topic on a scale of 1-5 according to its importance. In order to assess whether patients might put a different emphasis on certain topics we sought the opinion of a small group of 10 COPD patients. The views of the patients differed little from those of the professionals except that the patients tended to put more emphasis on knowledge of the structure and function of the lungs in COPD. Had there been marked differences between the views of the patients and of the professionals we would have sought opinion from larger number of patients. We examined the results of this survey and used these data as the basis for the questionnaire.
Multiple choice questionnaire
Multiple-choice questions were then designed to test knowledge of the chosen topics. Each topic had a stem and five statements. The respondents were required to answer whether each statement was 'true', 'false' or that they did not know. The 'don't know' option was included in order to avoid forcing the patient to guess the answer. Initially 20 topics were tested on a sample group of 15 patients. The questionnaire was modified to exclude topics that were not able to be generalized to most COPD patients. Some questions, eg, those on disability benefits, oxygen therapy and nebulisers, had a large number of 'don't know responses', and analysis of these often showed that the questions were not applicable to that particular patient, eg, if they were not receiving oxygen or were not using a nebulizer. The final questionnaire contained 13 topics, each with five statements giving a total of 65 questions. These topics covered epidemiology and physiology, aetiology, common symptoms, breathlessness, phlegm, chest infections, exercise, smoking, immunization, inhaled bronchodilators, antibiotics, oral steroids and inhaled steroids. A copy of the final questionnaire is given in the Appendix.
Some of the questions were designed to test knowledge where common misconceptions have been noted, eg, that breathlessness is often assumed to be associated with low blood oxygen levels, that steroid inhalers can be used as needed, and that stopping smoking will result in improved lung function. Some questions were designed to test misconceptions that could lead to either short term or long-term harm, eg, the relevance of symptoms such as haemoptysis or crushing chest pain. In all of the questions use of the words 'never' and 'always' were avoided since these can give pointers as to the correct answer, and negatives were avoided. The questions were formulated so that approximately one-half of the statements have the correct answer 'true', and the others 'false'. Positive scoring was used with a mark being given for a correct answer, but no mark awarded for an incorrect answer or for a 'don't know' response.
Face validity
In order to assess whether the questions on the chosen topics had face validity the questionnaire was sent to 24 healthcare professionals who were regularly involved in teaching patients. They were asked to say whether in their opinion each question tested knowledge of the particular topic.
Subjects
Ethical consent for the study was obtained from the North Bristol Trust Ethics committee. Patients with known COPD were identified following attendance at general practice and hospital outpatient clinics. They were required to know that they had COPD. Those with a perceived inability to complete a questionnaire were excluded. Included were patients who had been referred for pulmonary rehabilitation. Some of the patients had in the past attended a pulmonary rehabilitation programme.
Application of the questionnaire
Each patient was given an information sheet which described the purpose of the questionnaire, and those subjects being used to test its reliability and responsiveness were informed that they would be asked to complete the questionnaire a second time eight weeks later. Their written consent was obtained. Baseline information was recorded and the questionnaire was completed in the presence of one of the researchers. He/she explained that as much time as necessary was available. No help was offered or given regarding the correct answers. The time taken for completion of the questionnaire was recorded.
Baseline assessment
Basic demographics included age, sex, severity of disease as measured by MRC grade, duration of symptoms, duration of knowledge of the diagnosis, hospital attendance for COPD, present or previous occupation, socio-economic classification, 10 smoking status, drug therapy and attendance at previous formal education programme.
Test-retest reliability
Twenty-eight participants who were currently not receiving any formal education repeated the questionnaire after an interval of eight weeks. This interval was chosen because this closely matches the duration of most rehabilitation programmes. During that time they were requested not to seek or to receive any further information about COPD. In most of the cases the questionnaire was repeated in the presence of the researcher, but in some cases it was necessary to mail this to them. The importance of their completing the questionnaire without assistance was emphasised. A further 25 subjects who had in the past participated in a formal education programme similarly completed the questionnaire and repeated the completion of the questionnaire after a period of eight weeks.
Sensitivity
The ability of the questionnaire to detect a change in knowledge was assessed in 25 subjects before and after completion of a pulmonary rehabilitation programme which was supervised by a physiotherapist. The programme lasted for eight weeks and the patients attended twice a week for exercise and education. The education and discussion sessions lasted one hour and were led by a variety of health professionals, including physicians, respiratory nurses and physiotherapists. The teaching sessions included discussion of the topics identified from the topic survey. No further formal education was given after this and the subjects were asked to complete the questionnaire once more after a six-month interval in order to test the duration of the effects of the education.
Statistical methods
Correct responses to questions were scored ϩ1 and 0 otherwise. The internal consistency of the questionnaire was quantified at baseline under this scoring scheme using the responses from all 79 respondents using Cronbach's alpha. The test-retest reliability of the questionnaire was assessed using Pearson's correlation coefficient and the intra-class correlation coefficient. The sensitivity was assessed using a mixed two by three ANOVA and using paired samples t-tests.
Results
The questionnaire had good face validity. Eighteen of the 24 healthcare professionals did not express any concern with any of the 65 items and thought that the 65 items provided a satisfactory test of knowledge within each topic. Six healthcare professionals each provided a single comment but no individual item was of concern.
Eighty-five subjects were approached. Six were excluded because they did not meet the inclusion criteria. The researchers found that no subject had any difficulty in understanding how to complete the questionnaire and all the subjects considered the questions asked to be relevant, clear and unambiguous. The questionnaire was always completed within 20 minutes and most subjects needed less than 15 minutes. Scoring was completed within three to four minutes.
Data were available from 79 subjects (58 male). The mean age was 70.9 years, range 49 years to 86 years; SD ϩ/Ϫ 8.0 years. Three groups of subjects were analysed separately. The control group consisted of those who had not received previous formal education and did not take part in the education programme. The second group had received formal education some time in the past, but not within the last six months and did not take part in the education programme. The third group were COPD patients who had been referred for pulmonary rehabilitation, and in whom the sensitivity was assessed. The mean score in the 54 subjects who had not received any formal education in the past was 54.7%. Females (55.9%) scored marginally higher than males (54.2%). The difference was not a statistically significant difference. There was no significant correlation between the total score and any of the other patient variables which included age, severity or duration of disease and socio-economic group.
One of the main reasons for developing the BCKQ is to have an instrument that will give a single score to quantify knowledge of COPD. In the BCKQ items are scored ϩ1 if the correct answer is given and 0 otherwise. The total or percentage of items correctly endorsed is then calculated. Bland and Altman write 'When items are used to form a scale they need to have internal consistency. The items should all measure the same thing, so they should be correlated with one another.' 11 For the BCKQ, items measure knowledge and it would not be unreasonable for 'knowledgeable' people to score highly on multiple domains and for less knowledgeable people to score low on multiple domains ie, a desirable property of a knowledge questionnaire is internal consistency arising from a positive correlation between items. The internal consistency of the questionnaire was quantified at baseline using the responses from all 79 respondents using Cronbach's alpha. Acceptably high values of alpha for group comparison purposes were obtained for the questionnaire based on both the 65 items (alpha ϭ 0.73) and for the 13 subscales (alpha ϭ 0.68). The test-retest reliability of the questionnaire was assessed using Pearson's correlation coefficient and the intra-class correlation coefficient using the percentage of test items correct at baseline and at eight-week follow-up for the participants who did not receive the education programme. A strong degree of inter-correlation (r ϭ 0.71, n ϭ 54, P Ͻ 0.001, two-sided) and intra-correlation was observed (r ϭ 0.82, n ϭ 54, P Ͻ 0.001).
The design corresponds to a two by three mixed design with Group as a between subjects factor with three levels (Control, Prior Education, Education Intervention) with repeated administrations of the BCKQ at two points in time (Baseline and eight-week follow-up) as the repeated measures factor (Time) at two levels. The dependent variable is the number of items out of the 65 items that are correctly scored. The percentage of items correctly scored by each participant is a linear scaling of the number correctly scored (percent correct score for participant i ϭ total correct for participant i multiplied by 100/65) and analysis by the standard analysis of variance and paired samples t-tests and between subjects t-tests on the 'percent correct' response is logically and numerically equivalent to the analysis of the total correct. The parametric tests used are robust tests and analysis of the data indicates there is nothing to suggest any major violation of the underpinning parametric assumptions. Table 1 summarizes the mean and standard deviation for the percentage number of items correctly scored and the number of items correctly scored for the three groups (Control, n ϭ 29, Prior Education n ϭ 25 and Education Intervention n ϭ 25) at baseline and the corresponding eight-week follow-up. Analysis of the percentage correct data as a two by three mixed design (Group as a between subjects factor at three levels and Stage of completing questionnaire as a repeated measures factor at two levels) shows a highly significant interaction between Group and Stage [F(2, 76) ϭ 23.06, MSE ϭ 37.88, P Ͻ 0.001], a highly Application of the twosamples independent t-test shows that the mean percentage of questions answered correctly between the control group and the education group do not differ at baseline (t ϭ 0.663, df ϭ 52, P ϭ 0.510, twosided) but the mean percentage of questions answered correctly for the prior education group is significantly higher than the mean for the control group (t ϭ 3.43, df ϭ 52, P ϭ 0.001, two-sided) and significantly higher than the education group (t ϭ 3.62, df ϭ 48, P ϭ 0.001, two-sided). Application of the paired samples t-test shows a small (4.6 percentage points) but statistically significant improvement in scores between baseline and eight-week follow-up for the control group (t ϭ 2.73, df ϭ 28, P ϭ 0.011, two-sided) and similarly shows a small (3.4 percentage points) improvement in scores between baseline and eightweek follow-up group (t ϭ 2.12, df ϭ 24, P ϭ 0.045, two-sided) for the prior education group but shows a large (18.3 percentage points) improvement in average percentage correct for the education group (t ϭ 10.22, df ϭ 24, P Ͻ 0.001, two-sided). At follow-up the mean percentage of items correctly answered by the education group is substantially higher (11.9 percentage points) than the corresponding mean for the control group (t ϭ 4.01, df ϭ 52, P Ͻ 0.001, two-sided) but not significantly higher than the prior education group (t ϭ 1.77, df ϭ 48, P ϭ 0.084, two-sided). The questionnaire was readministered to the education group six months after intervention and completed questionnaires were obtained from 20 participants. A small decrease in the average percentage of questions correct was observed in their scores (3.1 percentage points) and application of the paired samples t-test shows that this is not a statistically significant decrease (t ϭ 1.99, df ϭ 19, P ϭ 0.061, two-sided) and the sixmonth follow-up data for the intervention group shows an improvement on the initial baseline scores of 13.8 percentage points (t ϭ 6.68, df ϭ 19, P Ͻ 0.001, twosided). The percentage of correct scores after invention and six-month are highly correlated (r ϭ 0.75, df ϭ 18, P Ͻ 0.001, two-sided) with an average intraclass correlation coefficient of 0.85. Table 2 summarizes the percentage of items scored correctly by the education group both at baseline and after education. This table reveals that there was some reluctance of respondents to consider that a statement might be false, because they answered questions that are 'true' better than those which are 'false'. For example the scores from the follow-up questionnaire in the education group showed this bias was quite marked.
Analysis of individual questions for the education group showed that some topics were consistently scored highly whereas in others there was poor level of knowledge and beliefs. Ninety-six percent of respondents were correct in thinking that stopping smoking was not pointless because the damage had been done (8c), and after education all respondents knew that cessation would slow down further lung damage (8b). However, 76% wrongly expected lung function to improve after smoking cessation (8d). Eighty-four percent knew that following a chest infection phlegm usually becomes coloured, (6b) and 96% that a 'flu' injection is recommended every year (9a). In the question on breathlessness, the majority, (92%), were aware that narrowing of the bronchial tubes was the main cause of their breathlessness (4e) but 56% wrongly thought that breathlessness always meant that oxygen levels were low (4c). Ninety-two percent were correct in thinking that exercise does not strain the lungs (7b) and 60% knew that excessive antibiotic use can cause resistant bacteria to develop (11b). Areas of misconception included the belief that 'chronic' means that it is severe (56%) (1a) and 64% that crushing chest pain is common symptom of COPD (3d). Of particular concern was that 40% thought that inhaled steroids could be used for rapid relief of breathlessness (13b). Little was known of the side effects of steroid tablets. Only 16% realized that they can cause muscle weakness. Twenty-eight percent thought that they strengthened muscles. Fifty-six percent did not know (12a) (12d). Other examples of the 'don't know' option included the question asking whether a 'flu' injection and a pneumonia injection could be given on the same day (48%) and 40% did not know whether exercise could maintain bone density. Although there was on overall improvement of 18.3 percentage points after education there was often little or no improvement in the topic areas where there were low scores. Examples of these were in Question 3 that tests knowledge of symptoms. Most respondents continued to believe that swelling of the ankles and crushing chest pain were common symptoms in COPD (3a and 3d). In Question 8 regarding smoking, 80% still expected that lung function would improve following smoking cessation although it had been emphasized that although this can occur it would not be expected (8d). In some topics (eg, bronchodilators (Q10) and oral steroids (Q12)) there was better improvement.
Discussion
When designing the questionnaire we considered the available methods for testing knowledge. For example we considered multiple true or false questions to which there is more than one correct answer. Construction of these is not easy because it is important to have sufficient incorrect options. Scoring is complicated and this would detract from clinical use. Open-ended questions are more flexible and allow evaluation of beliefs rather than facts. Very clear guidance on answering the question, and detailed answer keys for marking the question are needed. The time for completion of the questions and the complexity of scoring rules them out for routine use. We therefore decided that MCQ (true/false/don't know) would be more acceptable for patients, would be easy to score, and therefore would be suitable for routine use in both clinical, and research situations. The topics chosen for testing were those that a patient with COPD might reasonably be expected to have appropriate knowledge. Initially a true/false design was considered but it was felt that this would not identify areas of lack of knowledge. Discovering what patients really know, or are unsure about, or think they know but in fact do not know is of fundamental importance. For these reasons a 'don't know' option was therefore included. In doing this it was appreciated that some people might give this response in order to avoid thinking or committing themselves, but we did not want to obtain 'forced' responses which could be virtually meaningless. The subjects who did not enter the education programme showed a small but statistically significant increase in scores at follow-up. This small increase may be due to non-intervention respondents having a renewed interest in knowledge of COPD and corresponds to non-intervention subjects correctly answering an additional two or three questions on average at follow-up compared with baseline. Note however that this small increase is not due to any particular items showing consistent systematic improvement but is spread across the items.
The mean score of 54.7% in subjects without any previous education indicates that overall knowledge was poor. It could be argued that the questions are too difficult and that the level of knowledge expected is not reasonable. However, we have critically evaluated the questions where knowledge was poor and have concluded that they relate to areas where there is reasonable expectation of knowledge and where in addition a degree of knowledge is important. Conversely some of the questions seemed to be very easy. Five of the 65 questions were answered correctly by more than 90% or respondents and therefore subject to a 'ceiling effect'. However, we considered that they tested knowledge of particular importance, and so they were retained.
It might be thought that patients with more severe disease or with longer duration of disease would have greater knowledge of their condition because of greater exposure to health professionals, but there was no evidence of this. Similarly we did not find that age, social class or socio-economic status influenced the degree of knowledge.
There are a number of ways in which the questionnaire can be used. BCKQ can be used for assessment of knowledge in individual patients. Incorrect responses or use of the 'don't know' option indicates a knowledge deficit where specific education is needed. We have found it helpful as a basis for discussion with group teaching. It can be used as a broad cross-sectional instrument or as a part of clinical audit. BCKQ will also assess the effectiveness of education and enable comparison of different teaching methods. For example it can be used to compare video presentations, internet, individual and group teaching. The results of education can be correlated with other outcome measures following pulmonary rehabilitation. Further studies are needed to assess whether a higher level of knowledge of COPD is related to better disease management or to measurements of health status.
In summary, BCKQ has good internal consistency and reliability and is responsive to education. We have demonstrated that knowledge can be improved following a formal course of education, and that this improvement in knowledge is still maintained six months later. This questionnaire will test knowledge that is appropriate for COPD patients and can be used as an assessment tool for individual patients, or as a broad crosssectional survey instrument. It will enable the effectiveness of education to be assessed and will be of value in developing and comparing different educational interventions. It will help interpret the impact of education on cost effectiveness and on patients' health status.
